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Requirements  for  Heat  Resistent  Aircraft  Lighting  Fixtures 


lo  Introduction 


As  the  speeds  of  aircraft  approach  and  exceed  the  speed  of  sound, 
friction  between  the  airplane  surfaces  and  the  air  becomes  more  and  more 
important o It  has  long  been  evident  that  this  friction  would  result  in 
temperatures  which  must  be  taken  into  account  in  designing  the  aircraft* 

The  case  of  lighting  fixtures,  however , demands  special  consideration  in 
view  of  the  heat  which  is  liberated  within  the  fixture  itself*  The  Wright 
Air  Development  Center , recognizing  this  situation,  requested  the  National 
Bureau  of  Standards  to  undertake  this  project  to  determine  requirements 
for  improved  fixtures  to  meet  conditions  resulting  from  air  speeds  up  to 
Mach  3<> 

2*  Nature  of  project 

The  project  was  to  be  a joint  one  in  which  the  Bureau  of  Standards  was 
to  collaborate  with  the  manufacturers  which  produce  the  various  parts  of 
the  lighting  units 0 These  manufacturers  were  to  carry  on  the  general  de- 
velopment work,  the  Bureau  of  Standards®  functions  being  limited  to  the 
coordination  of  their  programs , the  testing  of  parts  and  assemblies,  the 
standardization  of  parts*,  the  preparation  of  specifications , and  such 
limited  development  work  as  should  be  required  to  expedite  the  project* 

This  plan  has  been  followed  and  it  has  worked  well* 

3<>  Requirements 

The  target  of  the  project  has  been  the  development  of  equipment  suit- 
able for  use  on  aircraft  flying  at  Mach  3°  Consultation  with  aerodynamic 
experts  established  that  this  would  correspond  to  an  equilibrium  surface 
temperature  of  about  6£0®K  (700®F)*  Since  there  is  a source  of  heat  within 
each  lighting  unit,  a temperature  difference  is  required  to  transfer  the  heat 
from  the  lighting  unit  to  the  slip  stream*  Fortunately*  at  speeds  of  the 
order  of  Mach  3^  the  thermal  conductance  from  the  wing  surface  to  the  air 
becomes  practically  infinite*  This  means  that  it  is  not  necessary  to  simu- 
late the  flow  of  air  over  the  units  in  order  to  determine  the  temperature 
drop  required  for  the  transfer  of  heat  from  the  unit  to  the  air  since  that 
temperature  difference  practically  vanishes*  Such  a determination  would 
have  been  a rather  impracticable  undertaking  in  view  of  the  small  number 
and  small  size  of  the  wind  tunnels  available  in  this  country  which  are 
capable  of  developing  Mach  3<>  In  view  of  the  impracticability  of  such 
tests  and  the  high  thermal  conductance  at  the  exterior  surface  of  the  cover 
glass,  this  surface  has  been  treated  as  a critical  boundary  corresponding 
to  a definite  air  speed  and  the  heat  distribution  within  the  unit  is  con- 
sidered as  determined  by  the  temperature  distribution  over  this  boundary 
surface.  This,  of  course,  is  only  an  approximate  relationship  since  the 
temperature  distribution  over  the  cover  glass  in  flight  will  not  be  exactly 
the  same  as  that  in  a heat  test  chamber,  but  it  seems  a reasonable  approx- 
imation and  the  only  practical  approach  to  the  testing  of  such  lighting 
units  in  the  laboratory* 
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h»  General  Procedure 

As  the  result  of  a series  of  preliminary  tests , a procedure  for  mount- 
ing the  units  in  a temperature  test  chamber  was  developed®  Each  unit  was 
placed  in  the  test  e hairiber  on  a sheet  of  transit©  supported  on  a gridworko 
A baffle  was  used  to  prevent  the  measurements  from  being  influenced  by 
radiation  received  directly  from  the  nearest  wall  of  the  test  chamber  which 
contained  heating  elements ® Each  unit  was  operated  at  normal  voltage  until 
it  reached  approximately  its  maximum  temperature  and  then  the  temperature 
of  the  chamber  was  gradually  increased  until  the  unit  failed  or  the  maximum 
obtainable  tenperature  was  reached®  Whenever  the  heating  elements  of  the 
chamber  were  used,  a fan  was  operated  to  make  the  teuperature  throughout 
the  chanter  more  nearly  uniform®  During  the  test,  the  teuperature  at  the 
center  of  the  chamber  was  recorded  by  an  automatic  pressure  type  thermometer. 
Thermocouples  were  used  to  measure  the  temperatures  at  other  locations 
thought  to  be  significant®  The  teuperature  inside  the  cover  glass  was  as- 
sumed to  be  the  ambient  temperature  for  the  lamp  and  the  temperature  on  the 
outer  side  of  the  cover  glass  was  considered  an  approximation  to  the  crit- 
ical temperature  to  be  expected  on  the  cover  glass  surface  during  flight® 

In  the  case  of  the  red  and  green  units,  the  procedure  of  these  tests  also 
included  measurements  with  a specially  designed  colorimeter  to  determine 
the  extent  of  the  color  changes,  and  photometric  measurements  were  made  to 
determine  the  loss  of  candlepower  at  the  higher  temperatures® 

5>o  Present  Equipment 

Since  the  limitations  of  present  designs  with  respect  to  ambient 
temperature  were  not  known,  the  first  phase  of  the  project  was  directed 
towards  testing  the  current  types  of  units  to  determine  the  highest  tempera- 
tures at  which  these  lighting  units  can  be  used  and  which  parts  of  the  units 
will  fail  first®  Those  tested  included  several  wingtip  lights,  tail  lights, 
fuselage  lights,  and  one  landing  light®  They  are  described  in  Table  I® 

The  results  of  these  tests,  with  the  exception  of  those  for  the  land- 
ing light,  are  summarized  in  two  tables®  Table  II  shows  the  temper  a tures* * 
which  were  measured  at  ihe  different  locations,  the  changes  in  chromaticity, 
and  the  loss  in  intensity,  presumably  caused  by  loss  in  transmittance  of 
the  cover®  In  addition  to  the  measm°able  effects,  a number  of  qualitative 


*In  this  report  temperatures  are  generally  given  in  the  absolute  system  (°K) 
and  in  the  Fahrenheit  system  (®F)®  The  latter  system  seems  to  be  in  use 
among  some  manufacturers®  Since  the  temperatures  with  which  we  are  con- 
cerned are  remote  from  those  at  which  ®F  have  sensory  meaning,  there  seems 
to  be  no  advantage  in  this  system  for  the  present  project®  It  is  of  interest, 
however,  to  appreciate  the  relative  temperature  intervals  between  the  lamp 
filament  temperature,  which  is  regularly  given  in  degrees  Kelvin,  the  tem- 
peratures measured,  and  the  0eK  corresponding  to  empty  space®  In  general 
values  are  rounded  to  the  nearest  0°  or  5°  as  representing  the  degree  of 
accuracy  generally  attained® 


. 
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results  were  recorded  and  these  are  shown  in  Table  III.  Several  of  the 
lights  developed  appreciable  blackening  of  the  cover  glass,  apparently 
as  a result  of  products  evaporated  from  the  gasket  cement . The  gasket 
cement  was  melted,  softened,  or  charred  in  practically  every  case*  The 
gasket  materials  in  most  cases  withstood  the  temperatures  reached  for 
the  brief  period  during  which  they  were  exposed,  but  the  cork  gaskets  used 
in  one  type  of  unit  charred  badly..  The  bases  of  several  lamps  used  in 
the  position  light  units  were  corroded  and  in  every  case  the  solder  on 
the  center  contact  of  the  lamp  fusedo  In  several  cases,  solder  used  in 
the  assembly  of  the  units  also  gave  way.  The  surface  finishes  of  the  metal 
parts  were  generally  roughened,  darkened,  or  cracked.  In  only  two  cases 
were  the  finishes  considered  satisfactory  after  the  test. 

The  units  listed  in  Table  I are  divided  into  two  groups.  As  a result 
of  the  experience  gained  in  testing  the  first  group  of  units,  it  was  de~ 
cided  that  four  additional  units  should  be  tested  with  an  improved  pro- 
cedure. These  are  listed  in  the  second  group  and  it  will  be  noted  that 
the  fuselage  lights  are  of  the  same  design  as  those  included  in  the  first 
group.  In  this  case  the  units  were  tested  at  a succession  of  increasing 
temperatures.  At  each  temperature  the  ambient  was  held  practically  constant 
until  the  unit  reached  thermal  equilibrium  and  then  the  unit  was  allowed  to 
cool  for  inspection.  The  room  temperature  was  used  for  the  first  ambient 
and  the  chamber  temperature  increased  in  steps  of  30°K  to  IiO°K  for  the 
higher  ambients.  This  procedure  was  continued  until  the  chamber  ambient 
reached  U23>°K.  More  thermocouples  were  used  in  this  test  so  that  in  addi- 
tion  to  the  chamber  ambient,  critical  temperature,  and  temperature  inside 
the  unit,  temperatures  were  also  measured  between  the  cover  glass  and  gasket 
at  a point  within  the  unit  close  to  the  center  contact  of  the  lamp,  and  on 
the  outside  of  the  unit  between  the  fixture  and  the  mounting  plate.  As  the 
critical  temperature  on  the  outside  of  the  coverglass  increased,  the  dif- 
ferences between  this  temperature  and  the  temperatures  of  the  several  other 
locations  measured  remained  substantially  constant.  The  readings  at  ambient 
85°F,  however,  are  higher  than  would  be  expected  from  the  other  temperatures 
This  is  because  the  fan  was  not  used  at  this  lowest  temperature  which  approx 
imated  that  of  the  room.  The  apparent  anomaly  in  graph  2 of  Fi glare  lb  is 
presumably  due  to  the  absorption  of  a greater  percentage  of  the  radiant 
energy  by  the  yellow  glass  than  by  the  colorless  glass,  combined  with  a 
lower  convection  loss  in  its  underneath  position.  The  introduction  of  the 
forced  convection  within  the  test  chamber  between  the  recordings  of  the 
first  and  second  sets  of  temperatures  increased  the  rate  at  which  the  yellow 
glass  transferred  heat  to  the  air  in  the  chamber  more  than  enough  to  offset 
the  rise  in  the  ambient. 

The  results  in  this  case  which  are  shown  in  the  lower  parts  of  Tables 
II  and  III  were  similar  to  those  in  the  previous  test.  The  lamp  bases 
blackened  and  there  was  some  blackening  of  the  cover  glasses.  The  gaskets 
were  deformed  by  the  pressure  of  the  glasses  and  the  solder  on  the  lamp 
contacts  melted. 
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6*  Improved  units 


By  the  time  the  tests  on  the  additional  tail  light  and  fuselage  light 
units  had  been  completed*  the  Grimes  Mfgo  Co*  had  been  able  to  make  available 
six  improved  wingtip  position  lights*  The  lamps  used  in  these  units  had 
high- temperature  basing  cement  and  the  solder  on  their  bases  was  an  alloy 
with  a higher  melting  point  than  that  used  on  the  usual  product! cm  lamps* 
These  units  were  also  provided  with  silicone  rubber  gaskets  which  were  ex- 
pected to  remain  serviceable  to  a higher  temperature  than  those  used  in 
units  of  current  production* 

These  improved  units  were  tested  in  the  same  manner  as  the  last  four 
of  the  current  type  units*  on  alclad  sheets  which  in  this  case  were  sus- 
pended vertically  so  that  the  units  would  operate  as  nearly  as  practicable 
in  the  same  manner  as  in  service*  The  same  measurements  were  made  as  in 
the  case  of  the  previous  units  except  that  no  thermocouple  was  inserted  in 
the  socket  to  obtain  the  temperature  of  the  center  contact*  Fewer  tempera- 
ture steps  were  used*  the  current  being  turned  on  in  the  lamps  and  the 
chamber  at  the  same  time  and  the  first  measurements  were  made  when  the 
chamber  ambient  was  slightly  over  370°K  (205°F). 

The  results  for  the  improved  units  were  very  similar  to  those  obtained 
with  the  best  current  model  units  except  that  the  failure  temperatures  were 
higher*  At  the  maximum  temperature*  when  the  chamber  ambient  was  3U°K  (60°F) 
higher  than  that  on  the  test  of  the  current  type  unit,  the  solder  on  the 
lamp  contacts  fused*  the  gaskets  hardened  and  became  deformed*  and  also  a 
new  difficulty  developed;  the  protective  coating  on  the  backs  of  the  re- 
flector surfaces  on  the  lamps  blistered.  This  blistering  was  sufficient  to 
indicate  that  some  other  method  of  making  or  protecting  reflectors  on  the 
lamps  will  be  necessary.  No  difficulty  was  experienced  with  the  fusion  of 
the  solder  with  which  the  units  were  assembled*  or  the  finish  used  on  the 
improved  units* 

7*  Temperature  of  critical  parts 

Some  of  the  tests  which  have  been  made  have  provided  temperature  values 
measured  at  different  locations  nearly  simultaneously*  From  these  values  it 
is  possible  to  find  the  temperature  differences  between  the  locations  at 
which  the  measurements  were  made*  These  temperatures  are  available  for  the 
tail  lights  and  fuselage  lights  which  make  up  the  second  group  of  current 
type  units  tested*  and  for  the  wingtip  light  of  improved  construction*  They 
are  plotted  in  the  graphs  of  Figures  1 to  3»  The  corresponding  temperature 
differences*  with  the  exception  of  those  cases  in  which  the  fan  was  not 
operating*  are  shown  in  Figures  h to  6.  It  may  be  seen  from  the  latter 
figures  that  the  temperature  differences  tend  to  be  independent  of  the 
ambient  temperature  once  equilibrium  is  reached  with  the  lamp  incandescing. 
There  are  two  exceptions  and  there  is  a slight  tendency  for  the  temperature 
differences  to  diminish  with  increasing  cover  glass  temperature*  which 
should  be  expected  since*  if  it  were  possible  for  the  critical  temperature 
to  approach  the  filament  temperature*  the  differences  would  approach  zero. 
These  temperature  differences  are  believed  to  provide  a basis  for  estimating 


the  temperatures  that  must  be  withstood  by  critical  parts  in  order  to 
make  the  unit  satisfactory  for  use  at  a given  surface  temperature « 

80  Developments  in  progress 

8*1  Gaskets * While  otter  parts  will  need  improvement  to  provide  a 
unit  that  will  operate  reliably  at  the  target  temperature,  the  immediate 
limitations  are  all  imposed  by  the  gaskets  and  lamps*  The  General  Electric 
Company  has  been  experimenting  with  different  compositions  in  an  effort  to 
produce  a silicone -rubber  gasket  that  will  stand  the  maximum  temperature 
for  which  such  gaskets  can  be  used*  We  have  tested  six  types  of  silicone 
gaskets*  The  results  are  still  far  below  the  temperatures  required  for 
lighting  units  operating  at  the  target  temperature  and  the  General  Electric 
Company  is  continuing  its  work  in  search  for  further  improvement*  The 
gaskets  now  available,  however,  justify  the  expectation  that  it  will  be 
practicable  to  design  a unit  for  intermediate  temperatures  which  can  be 
equipped  with  these  gaskets*  The  results  of  the  gasket  tests  are  shown 
in  Tables  IV,  V,  VL,fand  VEI* 

For  units  to  operate  at  higher  temperatures  it  will  probably  be 
necessary  to  use  a design  which  does  not  require  as  soft  a gasket  as  the 
silicone  rubber  ones  which  we  have  been  testing*  It  seems  probable  that 
a much  harder  gasket  could  be  used  if  the  metal,  glass  and  gasket  surfaces 
which  make  contact  were  sufficiently  smooth  and  true  to  enable  the  cover 
glass  to  seat  continuously  on  the  gasket  without  having  to  compress  the 
high  spots  of  the  gasket  surface  more  than  a few  thousandths  of  an  inch* 

In  order  to  verify  this  principle,  a series  of  tests  might  be  made  with 
units  under  various  heads  of  water  held  back  by  different  types  of  gaskets 
and  clamping  surfaces  of  different  degrees  of  smoothness.  In  this  way  it 
should  be  possible  to  find  out  if  surface  accuracy  can  take  the  place  of 
resiliency  at  high  temperatures* 

8*2  Lamps*  As  indicated  above,  two  serious  limitations  have  been 
found  in  the  experimental  high  temperature  lamps  thus  far  tested;  the  re- 
flector backings  have  blistered  and  the  solder  on  the  center  contact  has 
fused  at  the  test  temperatures*  It  is  believed  that  it  should  not  be 
difficult  to  find  a solder  or  brazing  material  of  sufficiently  high  fusing 
point  and  resistance  to  oxidation  to  make  a satisfactory  center  contact* 

It  is  also  possible  that  the  center  contact  could  be  welded.  Some  experi- 
ments have  been  made  at  this  Bureau  with  silver  solder  but  the  lamps  on 
which  the  silver  solder  was  used  had  been  originally  soldered  with  a softer 
material  the  removal  of  which  may  have  weakened  the  lamps  and  caused  them 
to  have  shorter  lives  than  would  be  expected  from  new  lamps  with  silver 
solder  contacts.  There  is  no  reason  to  doubt  that  the  lamp  manufacturers 
will  be  able  to  supply  lamps  with  center  contacts  that  are  sufficiently 
resistant  to  fusing  for  use  in  the  intermediate  type  assemblies* 

The  backing  materials  used  to  protect  the  silvered  area  of  the  GG  type 
of  position- light  lamps  contain  an  organic  vehicle  and  the  blistering  is 
presumed  to  be  due  to  the  evaporation  of  gases  from  this  material.  If  some 
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of  this  gas  is  released  between  the  backing  and  the  metal  layer  on  the  glass 
blistering  is  to  be  expected*  It  was  believed  that  lamps  which  were  subject 
to  this  blistering  would  not  be  considered  satisfactory  for  service  because 
the  backing  material  is  liable  to  be  completely  detached  from  the  lamp 
wherever  blistering  occurs*  In  search  of  a means  of  overcoming  this  dif- 
ficulty, the  Lancaster  Glass  Co*  prepared  a lot  of  10  special  lamps  con- 
sisting of  five  pairs  each  representing  a different  process*  These  are 
listed  in  Table  VIII  together  with  a description  of  the  results  for  the  two 
lamps  of  each  type  after  testing  for  at  least  7 hours  at  590°K  (600°F).  The 
first  process  listed  is  that  used  for  lamps  in  regular  production.  These 
lamps  were  taken  from  those  previously  furnished*  The  second  process,  in 
which  a flash  plating  of  copper  was  used,  was  suggested  by  the  observation 
that  a narrow  band  about  the  base  of  the  usual  production  lamps  retained 
its  bright  appearance  far  better  than  the  rest  of  the  reflector  surface 
after  the  heat  tests*  The  only  difference  which  could  be  discovered  be- 
tween this  part  of  the  reflector  surface  and  the  remainder  was  that  this 
part  received  only  a very  thin  flash  of  copper  plating*  The  two  samples 
representing  this  process  were  an  attempt  to  treat  the  entire  reflecting 
surface  in  a manner  corresponding  to  the  normal  processing  of  this  bottom 
band.  On  the  remaining  samples  no  copper  was  used  since  the  results  with 
the  regular  lamps  indicated  that  copper  had  migrated  through  the  silver 
in  some  instances  and  this  had  caused  a considerable  darkening  of  the  re- 
flector surface. 

An  examination  of  the  results  recorded  in  Table  VIII  shows  that  these 
lamps  were  very  unsatisfactory.  None  of  the  reflector  surfaces  withstood 
the  heat  on  the  whole  any  better  than  the  usual  production  type  of  silvered 
surface,  although  the  causes  of  failure  were  different*  This  led  to  the 
consideration  of  other  methods*  Since  satisfactory  sealed-reflector  lamps 
are  regularly  made  with  aluminum  reflectors  evaporated  onto  the  glass  surface 
it  was  decided  to  try  such  lamps  for  this  application*  As  the  Lancaster 
Glass  Company,  which  regularly  silvers  the  bulbs  used  for  these  lamps,  has 
not  been  using  the  evaporation  process  lately,  it  was  decided  to  aluminize 
some  lamps  at  this  Bureau  in  order  to  expedite  the  work*  Hie  first  experi- 
ments were  made  with  two  lamps  from  which  the  backing  and  silvering  were 
removed  and  replaced  by  aluminum  evaporated  directly  on  to  the  exterior  of 
the  lamp*  The  results  obtained  were  very  encouraging* 

As  a result  of  these  experiments,  additional  sample  lamps  were  sent 
to  this  Bureau  to  enable  us  to  make  further  tests*  These  new  lamps  are  not 
of  the  same  design  as  the  ones  used  for  the  previous  tests.  They  are  lamps 
made  for  use  in  warning  lights  but  they  have  the  same  wattage  and  approx- 
imately the  same  bulb  size  as  the  GG  lamps  used  in  wingtip  lights*  They 
were  presumed  to  have  high  melting  point  solder  and  basing  cement,  but  the 
results  indicate  that  the  bases  are  not  as  satisfactory  as  those  on  the 
lamps  used  for  the  tests  described  in  Table  VIII.  The  silver  has  been 
removed  from  these  lamps  and  aluminum  evaporated  onto  the  surface  of  Ik 
of  them*  Attempts  to  make  heat  tests  on  their  reflector  surfaces  have 
been  unsatisfactory  because  many  of  them  have  blackened  or  developed  air 
leaks  or  open  circuits  in  their  bases.  Some  of  these  failures  have  occurred 
after  only  two  hours  of  operation  at  the  test  temperature.  The  results 
are  summarized  in  Table  IX* 
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In  no  case  have  any  of  the  aluminized  lamps  shown  any  deterioration 
of  the  aluminum  surface*  but  in  most  cases  the  aluminum  is  not  as  com- 
plete a reflector  as  is  desired*  This  is  shown  by  the  fact  that  when  the 
filament  incandesced  it  was  visible  through  the  reflecting  surface  and 
some  unaluminized  pores  within  the  reflector  area  also  became  visible . It 
seems  likely  that  these  difficulties  can  be  overcome  by  more  thorough  clean- 
ing of  the  bulb  surfaces  and  by  evaporating  a thicker  layer  of  aluminum  onto 
the  lamps o The  aluminum  is  showing  good  adhesion*  Apparently  it  is  not 
affected  by  handling*  and  attempts  to  remove  it  by  applying  adhesive  tape 
to  the  back  surface  of  the  reflector  and  later  removing  the  tape  seem  to 
have  had  no  effect  on  the  aluminum* 

While  these  experiments  were  going  forward  at  this  Bureau*  the  Lancaster 
Glass  Co*  was  preparing  two  additional  lots  of  sample  lamps*  One  of  these 
was  a further  attempt  to  make  a satisfactory  reflector  with  silver  and  a 
flash  of  copper  plate*  The  other  was  made  by  a process  similar  to  their 
usual  process  but  the  spray  coat  was  a new  compound  of  greater  heat  resist- 
ance than  the  coat  used  on  the  production  lamps*  When  these  samples  were 
received  they  were  given  heat  tests  similar  to  those  made  on  the  other 
samples  and  the  results  are  given  in  Table  X.  The  flashed  copper  reflectors 
had  the  same  defects  as  the  two  tested  in  the  first  lot  (Table  YEII).  The 
new  spray  coat  appears  very  promising* 

In  addition  to  the  difficulties  experienced  with  the  center  contacts 
and  the  reflector  surfaces*  there  is  another  limitation  on  the  use  of  in- 
candescent lamps  in  high  ambients*  This  is  known  as  the  water  cycle*  It 
is  a chemical  cycle  which  starts  with  the  small  residue  of  water  vapor  re- 
maining within  the  lamp  bulb*  When  this  water  vapor  comes  into  contact  with 
the  incandescent  filament,  it  loses  its  oxygen  to  the  tungsten*  The  re- 
sultant tungsten  oxide  is  a gas  at  this  temperature  and  drifts  through  dif- 
fusion to  the  inside  surface  of  the  bulb*  The  temperature  at  this  surface 
is  much  lower  than  that  at  the  filament  which  allows  the  tungsten  oxide  to 
adhere  to  the  glass  surface*  Meanwhile  the  hydrogen  released  by  the  forma- 
tion of  the  oxide  at  the  filament  surface  has  also  been  diffusing  through 
the  gas  of  the  lamp  and  also  reaches  the  bulb  wall*  At  the  temperature  of 
the  wall*  the  hydrogen  takes  the  oxygen  away  from  the  tungsten  oxide*  leav- 
ing the  metallic  tungsten  as  a black  deposit  on  the  inside  surface  of  the 
bulb  while  the  oxidized  hydrogen  returns  to  the  filament  as  a molecule  of 
water  vapor  and  starts  the  cycle  again*  The  General  Electric  Co.  is  at 
work  on  a solution  of  this  problem  and  encouraging  results  are  reported. 

The  water  cycle  both  shortens  the  life  and  reduces  the  luminous  in- 
tensity of  the  lamps.  The  black  tungsten  deposit  left  on  the  bulb  soon 
becomes  thick  enough  to  absorb  a considerable  part  of  the  light  which 
otherwise  would  be  radiated  in  needed  directions.  This  absorption  also 
raises  the  temperature  of  the  bulb  which  is  equivalent  to  operating  the 
lamp  in  a higher  ambient.  On  the  other  hand*  the  loss  of  tungsten  from 
the  filament  reduces  the  cross-section  of  the  filament  and  does  it  quite 
unevenly.  This  causes  the  temperature  of  the  filament  to  rise  at  the 
locations  where  the  cross-section  has  been  most  reduced.  This  rise  in 
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temperature  increases  the  oxidation  of  the  filament  at  these  locations  and 
soon  the  filament  reaches  the  melting  point  at  one  of  the  hot  spots . 

9o  Parts  far  intermediate  type  equipment 

Unless  some  means  of  eliminating  the  water  cycle  is  found*  the  tempera- 
ture at  which  it  shortens  lamp  life  to  the  minimum  acceptable  for  position 
lights  constitutes  a natural  limit  for  an  intermediate  temper  attire  design. 

The  lamp  engineers  state  -that  about  590°K  (600°F)  is  the  maximum  ambient 
for  lamps  at  which  an  acceptable  life  can  be  assured.  This  governs  the 
temperature  inside  the  cover  glass.  According  to  the  graphs  of  Figures  3 
and  6 the  temperature  inside  the  cover  glass  may  reach  590°K  when  the  out- 
side critical  temperature  is  only  U30°K,  or  the  inside  teirperature  may  not 
reach  this  $90°  limit  until  the  critical  temperature  reaches  520°K.  The 
wide  difference  between  these  values  reflects  the  fact  that  the  temperature 
varies  greatly  from  point  to  point  both  within  and  on  the  outer  surface  of 
the  cover  glass.  These  graphs  also  give  1*5?° K and  5£0°K  as  the  gasket 
temperatures  to  be  expected  with  these  critical  temperatures. 

The  results  obtained  with  the  lamps  with  the  improved  spray  coat 
furnished  by  the  Lancaster  Glass  Co.  (Table  X)  indicate  that  this  backing 
will  be  satisfactory  on  lamps  operating  in  an  ambient  of  590° K.  Since  only 
one  lot  of  these  lamps  has  been  tested,  it  seems  desirable  to  point  out 
that  should  later  experience  reveal  that  this  spray  coat  does  not  withstand 
the  temperatures  involved,  the  aluminized  reflectors  have  an  excellent  pros- 
pect of  doing  so. 

The  only  measurements  made  to  indicate  the  temperature  near  the  center 
contact  of  the  lamp  were  those  shown  in  Figures  la,  lb,  2a,  and  2b.  These 
all  Indicate  that  the  temperature  at  this  location  may  be  expected  to  run 
at  least  a little  lower  than  at  the  gasket.  No  reason  is  known  to  believe 
that  this  relationship  does  not  also  hold  for  the  wingtip  light.  An  examina- 
tion of  a table  of  melting  points  for  alloys  indicates  that  there  are  sev- 
eral alloys  commonly  used  for  joining  metals  which  have  melting  points  that 
afford  a comfortable  margin  above  the  required  5>3>0°K  (275°C).  The  basing 
cement  used  on  some  of  the  GG  type  lamps  furnished  for  testing  reflector 
backings  has  shown  no  evidence  of  failing  even  when  the  lamps  were  being 
operated  in  an  ambient  of  6ii5>°K  (?00°F)  (Tables  IX  and  X).  This  warrants 
the  expectation  that  this  basing  cement  will  be  satisfactory  on  lamps  used 
in  intermediate  type  equipment.  It  is  our  conclusion  that  lamps  can  now 
be  made  in  which  all  parts  will  withstand  temperatures  up  to  that  at  which 
the  water  cycle  makes  the  lamp  life  inadequate  for  dependable  service. 

An  examination  of  the  information  In  Tables  V,  VI,  and  VII  indicates 
that  silicone  gaskets  of  any  of  the  compositions  tested  could  probably  be 
used  in  the  intermediate  type  equipment.  As  may  be  seen  from  Table  VII 
the  red  compound  is  definitely  less  desirable  than  the  black  and  the  white 
compounds.  Of  these  the  black  shows  slightly  less  increase  in  hardness 
and  loss  of  weight  than  the  white.  Unfortunately,  we  do  not  have  the  same 
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type  of  quantitative  values  for  the  other  compositions.  Table  VI  contains 
the  results  of  a comparative  test  in  which  four  types  of  gaskets  were  given 
the  same  exposure.  On  the  qualitative  basis  afforded  by  this  table,  the 
Deep  Blue  composition  should  give  the  least  difficulty  with  clouding  the 
cover  glasses  up  to  the  temperatures  for  which  the  intermediate  type  equip- 
ment can  be  designed.  Unfortunately,  Table  V does  not  confirm  this  indica- 
tion. The  tests  of  Table  V,  however,  may  have  been  on  a less  uniform  basis 
than  those  of  Tgible  VI.  A more  quantitative  comparison  on  a larger  number 
of  specimens  would  be  necessary  to  select  with  assurance  the  best  of  these 
four  compounds. 

The  improved  wingtip  light  units  furnished  by  the  Grimes  Manufacturing 
Co.  developed  no  defects  other  than  those  of  the  lamps  and  gaskets  when  they 
were  tested  at  ambients  corresponding  to  critical  temperatures  well  above 
the  5>20°K  which  has  been  estimated  to  be  the  maximum  for  the  intermediate 
type  units.  These  units  contain  sockets  built  with  insulating  materials 
and  metallic  springs  which  have  given  no  indication  of  weakness  on  these 
tests.  The  parts  are  assembled  with  high  temperature  solder  which  has  not 
softened  and  the  finishes  used  have  shown  no  sign  of  deterioration.  We 
have  therefore  felt  warranted  in  preparing  a specification  for  intermediate 
type  units. 

10.  Conclusions 


The  development  has  not  culminated  in  designs  for  exterior  aircraft 
lights  suited  for  use  at  the  target  temperature  of  ?00°F  (6h3>°K).  The 
project  is  being  discontinued,  however,  because  of  exhaustion  of  funds 
and  the  expiration  of  the  contract  period  rather  than  because  of  technical 
limitations. 

Although  the  cooperating  lamp  manufacturer  has  not  as  yet  been  able  to 
supply  conventional  lamps  that  can  be  used  in  ambients  above  590° K,  we  have 
recei'ved  several  sample  lamps  in  quartz  bulbs  that  offer  good  probabilities 
of  lifting  the  ambient  limit  materially.  The  construction  of  these  lamps 
is  such  that  they  cannot  be  used  in  lighting  units  of  present  design.  They 
do  not,  therefore,  qualify  for  the  intermediate  type  units,  but  in  properly 
designed  units  they  may  be  suitable  for  use  on  higher  speed  aircraft. 

Should  these  quartz  lamps  prove  inadequate,  there  may  be  the  possibility 
of  designing  a high  intensity  gaseous-discharge  lamp  that  can  be  operated 
at  the  required  temperatures. 

Metals  and  insulating  materials  are  known  which  can  be  used  at  the 
temperatures  required  for  the  units  operating  at  the  target  temperature. 

The  glass  manufacturers,  on  the  other  hand,  hold  forth  no  promise  of  red 
and  green  glasses  suitable  for  use  at  these  temperatures.  Unless  there  is 
an  improvement  in  the  prospects  for  such  glasses,  the  most  promising  solu- 
tion would  be  to  resort  to  using  flash  characteristics  to  differentiate  the 
different  units.  This  would  appear  especially  desirable  if  gaseous-discharge 
lamps  are  used. 
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The  use  and  design  of  gaskets  is  another  problem  that  will  require 
further  study.  The  intermediate  type  unit  apparently  represents  about 
the  limit  of  what  may  be  expected  from  silicone  rubber  gaskets.  It  has 
been  suggested  above  that  asbestos  gaskets,  although  harder,  might  be 
usable  if  the  gasketed  surfaces  were  made  sufficiently  flat  and  smooth. 

This  possibility  certainly  merits  testing. 

For  the  intermediate  type  units  the  project  has  provided  two  specifica- 
tions, one  for  lamps  and  the  other  for  units,  which  are  believed  satis- 
factory for  the  procurement  of  equipment  for  use  on  aircraft  developing 
wing  surface  temperatures  up  to  U50°K  (350° F)  (based  on  the  two  tests  for 
which  Inside  temperatures  are  given  in  Figure  3)*  These  specifications 
are  identified  by  the  titles, 

“Lamps,  incandescent,  aviation  service,  wing  position  light; 
high  temperature1’, 

“Lights,  aircraft,  high  temperature,  general  specifications  for". 
They  are  now  being  circulated  for  industry  comment. 
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Beat  Tests  on  Current  Models  - Measurable  Effects 
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Heat  Tests  on  Current  Models  - Failure  of  Parts 
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Table  IV 


Heat  Effects  on  Gaskets  in  Types  AN-31J8  & AN-3177  Units 

Test  Exposure  Deposit  on  inside  of 

Date  #F*  0K*  Hours  unit  and  gasket  deterioration. 

Asbestos -neoprene  gaskets  in  tail  light  units. 


Clear -col or less,  upper  unit 


l-iU-5? 

235 

385 

2 

No  deposit 

1-18-57 

255 

395 

5 

m it 

2-  6-57 

285 

Ui5 

3 

tt  it 

2-  8-57 

330 

UUo 

3 

n it 

2-11-57 

375 

U65 

a 

Slight  black  deposit 

2-13-57 

375 

U65 

2h 

More  11  " , no  cracking* 

Clear -yellow,  lower  unit 

1-1U-57 

250 

395 

2 

No  deposit 

1-18-57 

265 

U05 

5 

it  ti 

2-  6-57 

300 

U20 

3 

n it 

2-  8-57 

3U5 

UU5 

3 

ii  it 

2-11-57 

390 

U70 

h 

Slight  black  deposit 

2-13-57 

365 

U70 

2h 

More  11  tt  , no  cracking* 

Light  blue  silicone  gaskets  in  fuselage  lights. 

Clear-colorless/opaque,  upper  unit 

11-28-56 

225 

380 

3.0 

No  deposit 

11-29-56 

230 

385 

2.5 

n tt 

11-30-56 

295 

U20 

3-5 

M ” , indented  by  co*yer 

12-  3-56 

325 

U35 

U.o 

M 11  , mare  indentation 

12-  U-56 

370 

U60 

U.5 

ti  it  n i» 

> 

12-  6-56 

370 

U6o 

22.5 

White  deposit  on  lamp,  more  indentation 

Clear/clear,  lower  unit 

11-28-56 

210 

370 

3.0 

No  deposit 

11-29-56 

2U0 

390 

2.5 

ti  ii 

11-30-56 

290 

U15 

3.5 

* ii  n 

12-  3-56 

335 

UUO 

U.o 

it  it 

12-  U-56 

370 

U60 

U.5 

n ti 

12-  6-56 

370 

U60 

22.5 

White  deposit  on  lamp 

♦Temperature  was  measured  between  gasket  and  glass. 
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Table  V 


Heat  Effects  on  Gaskets  in  Type  AN-3122  Units 


Test 

Gasket  Temp. 

Deposit  on  inside  of 

Date 

*F 

•K 

Hours 

unit  and  gasket  deterioration 

Deep  blue 

silicone  gaskets 

2-25-57 

210 

375 

h 

No  deposit 

2-27-57 

1*30 

1*95 

2 

Slight  deposit  and  indentation 

2-28-57 

U80 

525 

3 

More  f1  '•  deep  indentation 

3-  1-57 

535 

555 

3 

Heavy  coating  on  glass,  gasket  cracked 

7-  8-57 

510 

51*o 

2 

No  deposit 

7-  8-57 

5U5 

560 

2 

ti  11 

7-  9-57 

690 

635 

k 

Traces  of  white  deposit  and  indentation 

7-10-57 

695 

61*0 

6 

Slight  increase  in  deposit  and  * 

7-11-57 

700 

61*5 

6 

More  deposit,  indented  by  cover,  cracked 

Gray  silicone  gaskets 

l*-2l*-57 

515 

51*0 

I*.  5 

Light  coat  of  white  deposit 

7-15-57 

665 

625 

6 

Slight  trace  of  white  deposit 

7-16-57 

665 

625 

6.5 

No  increase  in  white  deposit 

7-17-57 

665 

625 

7 

Slight  coat  of  white  deposit,  some  indenta- 

tion and  slight  cracks,  still  usable. 

HLack  silicone  gaskets  * 

5-16-57 

580 

575 

6.0 

No  white  deposit,  very  slight  indentation 

5-17-57 

625 

605 

5.7 

Slight  coat i Of  whitedepoSit 

5-21-57 

560 

565 

6.7 

White  deposit  not  observed 

5-22-57 

615 

595 

7.0 

White  ti  n n 

5-2l»-57 

620 

600 

6.0 

Slight  traces  of  white  deposit 

* Experimental  lamps  were  also  being  tested 
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Table  VII 


Gasket  Deterioration  as  Indicated  by 
Hardness  and  Weight 


Exposure  Type  nAu  Hardness  Weight 


Gasket 

Ko. 

Temp. 

°F* 

Hrs. 

Before  After  Change  Before 

Grains 

Small  gaskets  received  8-29-57 
White  Gaskets 

After  Change 
Grams  Grams 

Loss 

Ratio 

I 

600 

7.5 

h7 

1*8 

♦1 

5.639 

5.285 

• 351* 

.063 

II 

600 

7.5 

hi 

1*6 

-1 

5.579 

5.269 

.310 

.056 

III 

650 

8.5 

1*8 

69 

+21 

5-1*61 

U.805 

.656 

.120 

IV 

65o 

8.5 

1*8 

68 

+20 

5.1*67 

U.873 

.591* 

.109 

V 

700 

8.5 

5o 

96 

+U6 

5-639 

l*.08l  1.558 

.276 

VI 

700 

8.5 

U7 

95 

+1*8  5.525 
Red  Gaskets 

U.098  1.1*27 

.258 

I 

600 

7.5 

70 

92 

+22 

3.579 

3.320 

• 259 

.072 

II 

600 

7.5 

70 

91 

+21 

3.627 

3.1*31 

.196 

.051* 

III 

650 

8.5 

70 

91 

+21 

3.600 

3.311 

.269 

.080 

IV 

650 

8.5 

70 

91 

+21 

3-722 

3.1*95 

.227 

.061 

V 

700 

8.5 

70 

«c« 

- 

3.618 

- 

- . 

vr 

700 

8.5 

70 

«c»» 

Black 

3.701 

Gaskets 

i 

600 

7.5 

61* 

61* 

0 

3.792 

3.658 

.131* 

.035 

ii 

600 

7.5 

63 

62 

-1 

3.860 

3.71*2 

.ns 

.031 

hi 

650 

8.5 

61* 

73 

+9 

3.878 

3.573 

.305 

.079 

IV 

65o 

8.5 

63 

72 

+9 

3.906 

3.631* 

.272 

.070 

V 

700 

8.5 

63 

95 

+32 

3.905 

2.625  1.280 

.328 

VI 

700 

8.5 

61* 

96 

+32 

3.832 

2.695  1.137 

.297 

*600°F«589°K$  700°F-6l4U°K 


s Crumbled 


■ 


' 

# 


Table  VIII 


Heat  test  on  one  type  of  regular  production  lamps  and  five  types 
of  experimental  lamps  representing  different  processes  for 
protecting  the  reflecting  surface. 


Description 

of 

process 


Description  of  lamps  after  exposure 
First  Test  Second  Test 

Ambient  590°K  (600°F)  Ambient  $90°K  (600°F) 
Duration  7*5  hours  Duration  7 hours 


Usual  silver 
Usual  copper 
Usual  spray  coat 


Spray  coat  blistered  Spray  coat  blistered 

Silver  surface  good  Silver  surface 

slightly  darkened 


Usual  silver 
Flashed  copper 
No  spray  coat 


Outside  blackened 
Inside  tarnished 
in  small  areas 


Outside  blackened 
Inside  tarnished 
in  small  areas 


Double  silver 
No  copper 
Usual  spray  coat 


Spray  coat  mostly  off 
Silver  seriously 
perforated  and 
somewhat  clouded 


Bulb  leaked 
Filament  burned  out 
Spray  coat  blistered 
Silver  seriously  clouded 


Double  silver 
No  copper 
No  spray  coat 


Bulb  leaked 
Outside  good 
Inside  partly  clouded 


Lamp  failed  at  start 

Outside  good 

Inside  somewhat  clouded 


Triple  silver 
No  copper 
Usual  spray  coat 


Spray  coat  all  off 
Silver  seriously 
perforated  and 
clouded 


Spray  coat  all  off 
Silver  seriously 
perforated  and 
clouded 


Triple  silver 
No  copper 
No  spray  coat 


Silver  seriously  Silver  perforated 

perforated  and  and  clouded 

clouded 


■ , 


■ . 

. 

. 


- - 


. 
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Table  H 


Heat  Tests  on  Lamps  with  Aluminum  Reflectors 

There  was  no  evident  deterioration  of 
the  reflector  surface  in  the  case  of 
any  of  the  lamps  tested.. 


Number 

Exposure 

Results 

of 

Lamps 

Time 

Temperature 

’’Life” 

Condition 

Tested 

Hours 

°K 

°F 

No.-Hrs. 

0 

_ — 

1 - 0 

Failed  after  10  minutes 

r8. 

590 

600~) 

2 

7.5 

615 

650  Y 

1 - 23.5 

Still  incandescent 

8. 

61*5 

700j 

« 

1 

04 

Failed* 

5 

17. 

61*5 

700 

l - io.5 

» * 

2 - 17c 

Still  incandescent 

2-2. 

Failed* 

1* 

25.5 

590 

600 

• 

-=S 

i 

i — i 

« * 

l - 25.5 

Still  incandescent 

2 - 2.5 

Failed* 

5 

25.5 

6i  5 

65o 

l - 8.5 

2 - 25.5 

Still  incandescent 

^Filament  circuit  open.  Whether  failure  was  in  filament 
or  in  base  was  not  determined. 


Table  X 


Heat  Tests  on  Two  Experimental  Types  Lamps 


Number 

Exposure 

Results 

of 

Lamps 

Time 

Temperature 

No  filament  failures 

Tested 

Hours 

°K 

°F 

on  these  tests 

Silver  Reflecting  Surface  and  Flashed  Copper  Plate 

1 

7.5 

590 

600 

Reflector  slight  transparent 

1 

7.5 

615 

65o 

Reflector  more  11 

1 

7.5 

61*5 

700 

Reflector  intermediate  between  above 

r 7.5 

590 

600' 

5 1 

7-5 

615 

650 

y Reflectors  all  transparent,  filaments 

| 

easily  and  clearly  visible  thru 

l 7’5 

61*5 

700 

reflectors  when  held  against  sky. 

J 

Metal  easily  wiped  off. 

Silver 

Reflecting  Surface  Protected  by  New  Spray  Coat 

7.5 

590 

600 

All  laups  satisfactory 

7.5 

615 

650 

11  H H 

6 

7.5 

61*5 

700 

2 " « 

k n some  small  pores  found  in 

reflectors,  otherwise  in  good  condition. 
6U5  700  All  reflecting  surfaces  tarnished,  poros- 

ity about  the  same  as  recorded  above. 
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THE  NATIONAL  BUREAU  OF  STANDARDS 

The  scope  of  activities  of  the  National  Bureau  of  Standards  at  its  headquarters  in  Washington* 
D.  C.,  and  its  major  field  laboratories  in  Boulder,  Colorado,  is  suggested  in  the  following  listing  of 
the  divisions  and  sections  engaged  in  technical  work.  In  general,  each  section  carries  out  spe- 
cialized research,  development,  and  engineering  in  the  field  indicated  by  its  title.  A brief 
description  of  the  activities,  and  of  the  resultant  reports  and  publications,  appears  on  the 
inside  front  cover  of  this  report. 

WASHINGTON,  D.  C. 

Electricity  and  Electronics.  Resistance  and  Reactance.  Electron  Tubes.  Electrical  Instruments. 
Magnetic  Measurements.  Dielectrics.  Engineering  Electronics.  Electronic  Instrumentation. 
Electrochemistry. 

Optics  and  Metrology.  Photometry  and  Colorimetry.  Optical  Instruments.  Photographic 
Technology.  Length  Engineering  Metrology. 

Heat  and  Power.  Temperature  Physics.  Thermodynamics.  Cryogenic  Physics.  Rheology 
and  Lubrication.  Engine  Fuels. 

Atomic  and  Radiation  Physics.  Spectroscopy.  Radiometry.  Mass  Spectrometry.  Solid  State 
Physics.  Electron  Physics.  Atomic  Physics,  Nuclear  Physics.  Radioactivity.  X-rays.  Betatron. 
Nucleonic  Instrumentation.  Radiological  Equipment.  AEG  Radiation  Instruments. 

Chemistry.  Organic  Coatings.  Surface  Chemistry.  Organic  Chemistry.  Analytical  Chemistry. 
Inorganic  Chemistry.  Electrodeposition.  Gas  Chemistry.  Physical  Chemistry.  Thermo- 
chemistry. Spectrochemistry.  Pure  Substances. 

Mechanics.  Sound.  Mechanical  Instruments.  Fluid  Mechanics.  Engineering  Mechanics. 
Mass  and  Scale.  Capacity.  Density,  and  Fluid  Meters.  Combustion  Controls. 

Organic  and  Fibrous  Materials.  Rubber.  Textiles.  Paper.  Leather.  Testing  and  Specifica- 
tions. Polymer  Structure  Organic  Plastics.  Dental  Research. 

Metallurgy.  Thermal  Metallurgy.  Chemical  Metallurgy.  Mechanical  Metallurgy,  Corrosion. 
Metal  Physics 

Mineral  Products.  Engineering  Ceramics.  Class.  Refractories.  Enameled  Metals,  Concreting 
Materials.  Constitution  and  Microstructure, 

Building  Technology.  Structural  Engineering.  Fire  Protection.  Heating  and  Air  Condi 
tioning.  Floor,  Roof,  and  Wall  Coverings,  Codes  and  Specifications. 

Applied  Mathematics.  Numerical  Analysis.  Computation.  Statistical  Engineering.  Mathe- 
matical Physics 

Data  Processing  Systems,  SEAC  Engineering  Group.  Components  and  Techniques.  Digital 
Circuitry.  Digital  Systems  Analogue  Systems.  Application  Engineering. 

• Office  of  Basic  Instrumentation  • Office  of  Weights  and  Measure- 

BOULDER,  COLORADO 

Cryogenic  Engineering.  Cryogenic  Equipment.  Cryogenic  Processes.  Properties  of  Material- 
Gas  Liquefaction. 

Radio  Propagation  Physics.  Upper  Atmosphere  Research.  Ionospheric  Research.  Regular 
Propagation  Services  Sun-Earth  Relationships. 

Radio  Propagation  Engineering,  Data  Reduction  Instrumentation.  Modulation  Systems. 
Navigation  Systems  Radio  Noise  Tropospheric  Measurements.  Tropospheric  Analysis  Radio 
Systems  Application  Engineering. 

Radio  Standards.  Radio  Frequencies  Microwave  Frequencies.  High  Frequency  Electrical 
Standards.  Radio  Broadcast  Service  High  Frequency  Impedance  Standards.  Calibration 
Center  Microwave  Physics.  Microwave  Circuit  Standards. 
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